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Figure 1 ~Schematic diagram of heading angle threshold determination
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Table 1  Garlic single grain weight
BoReIXH  mORME/g w/ME/g CFHME/g BRiEz/g
DS.NO.1 201.35 81.46 130.47 3.83
DS.NO.2 198.87 90.43 138.36 4.04
DS.NO.3 188.62 97.66 132.88 2.16
DS.NO.4 203.64 84.72 133.45 3.14
DS.NO.5 192.57 94.44 134.03 1.57
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Figure 2 Diagram of the structure of the monitoring system for

garlic harvesters
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Figure 3 Garlic harvester hardware installation diagram
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Table 2 Hardware selection chart
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Figure 4 Upper computer main interface
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Figure 5
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Table 3 Test data of line auxiliary module

s i SEN Ay E REE

/(%) /(%) /(%)
1 5.0 4.7 0.3
2 15.0 14.4 0.6
3 30.0 28.8 0.2
4 45.0 44.7 0.3
5 60.0 59.8 0.2
6 90.0 88.7 1.3
7 115.0 114.7 0.3
8 135.0 134.1 0.9
9 150.0 149.7 0.3
10 175.0 174.8 0.2
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Figure 7 Yield monitoring module test error plot
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Figure 8 Hall sensor test schematic
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Table 4 Fault diagnostic module speed test data

4151 fiF 6] 45 47 /min AL /(e min )RR TR IS /(romin ) 3525/(remin )
1 0.5 187 189 2
2 1.0 182 187 5
3 1.5 184 187 3
4 2.0 181 183 2
5 2.5 185 191 6
6 3.0 187 188 1
7 3.5 187 184 3
8 4.0 179 181 2
9 4.5 185 186 1
10 5.0 187 189 2
11 5.5 181 183 2
12 6.0 181 186 5
13 6.5 183 190 7
14 7.0 182 184 2
15 7.5 182 184 2
16 8.0 180 181 1
17 8.5 181 183 2
18 9.0 183 189 6
19 9.5 183 185 2
20 10.0 181 182 1
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Table 6 Test results of the alarm function of the line-assist
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Figure 11  Indicator status diagram of the upper computer
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Table 7 System stability test results record sheet
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9 40.1 21 f, 2 IR AL , Tt 14 4 1
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Design and experiment of STM32-based monitoring
system for garlic combine harvester

WANG Yongijian" *, DING Xiang"*, LIHua"*, SAMUEL Mbugua Nyambura" ?,

LI Yuging" *, GE Yanyan" *, QIU Shilong" *, FENG Xuebin" °

(1. College of Engineering Nanjing Agricultural University, Nanjing 210031, China;2. Key Laboratory of

Intelligent Agricultural Equipment in Jiangsu Province, Nanjing 210031, China)
Abstract: The garlic combine harvester has essentially realized the mechanized harvesting of garlic. However, its
intelligence level is relatively low. During the operation, problems such as yaw, overflow and blockage are prone to occur,
which affect the operation quality and harvesting efficiency of the whole machine. To address these issues, this paper
presents an STM32-Based real-time monitoring system for garlic combine harvesters, which can monitor the yawing,
overflow, and blockage failure problems in real-time with high accuracy, and can also provide voice broadcast reminders .
The system comprised a row assist modules, a yield monitoring module, a fault diagnosis module and an STM32
microcontroller. The row assist modules utilized an MPU6050 gyroscope to ascertain the direction of the harvester, which
was then compared with the set direction angle warning and alarm threshold to determine whether the harvester had
deviated from the normal operational route. The yield monitoring module multiplied the weight of a single garlic by the total
number of garlic counts to calculate the total weight of the harvested garlic, and compared it with the set threshold of the
full bin to ascertain whether the collection bin was indeed full. Fault diagnosis was performed by the Hall sensor, which
collected the rotational speed of the follower wheel of the clamping and conveying mechanism and compared it with the set
threshold to judge whether a blockage occurrs. The maximum error value of the row assist module, as determined through
indoor commissioning, was 1.3°. The minimum error value was 0.2°. The yield detection module monitoring count
accuracy was 96.7%. The fault diagnosis module identified the average error value of rotational speed as 0.8 r/min, with
an error rate of 0.4%. This enabled the module to accurately monitor the follower wheel rotational speed changes when the

clamping device was blocked. The results of the field test demonstrate that the designed monitoring system is feasible,
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accurate and stable. The findings of this study indicate that the proposed monitoring system can operate reliably over an
extended period, issuing timely alerts when the garlic harvester is exhibiting signs of yawing, overflowing, and blocking
issues. This could markedly enhance the operational quality and efficiency of traditional garlic harvesters.

Keywords: garlic; harvester; row assist; real-time monitoring; threshold
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